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(57) Abstract 



The invention relates to a light emitting treatment device (10, 20, 30) including one or more light members which are configured to 
emit energy for photodynamic therapy of a body surface. The treatment device (10, 20, 30) is made of a polymeric material configured to 
conform to a body surface. The light members may be disposed in a substantially uniform array, and be configured to emit energy in a 
substantially uniform pattern. The light emitting treatment device (10, 20, 30) may further include a heat dissipating layer, a layer of gold 
or gold alloy, or a layer of adhesive disposed on at least one of the one or more surfaces of the shell or liner. Methods of making, and 
using the treatment device are also disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


Fl 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


cu 


Cuba 


KZ 


Kazakstan 


cz 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


• Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


ZVV 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







WO 99/10046 



1 



PCT/US98/17589 



TREATMENT DEVICE FOR TOPICAL PHOTODYNAMIC THERAPY 
AND METHOD OF MAKING SAME 

Cross Reference to Related Application 

This application claims the benefit of priority pursuant to 35 USC 
5 §11 9(e)(1) from the provisional patent application filed pursuant to 35 

USC §1 1 1(b): as Serial No. 60/057356 on August 25, 1997. 

Background of the Invention 
The invention relates to a medical device for photodynamic therapy (PDT). More 

10 specifically, the invention relates to a generally flexible or rigid conforming patch or pad and 
a shaped article such as a mouthpiece which provide light sources for topical PDT. The 
present invention advantageously uses light energy to treat or detect pathologies of living 
tissue, including cancer and microbiological pathogens. The present invention may be used 
in combination with photosensitizing agents. 

15 United States Patent No. 4,822,335, entitled, Apparatus For Treatment Of Cancer 

With Photodiode, purportedly discloses an apparatus for the treatment of a cancerous lesion 
part by irradiating a light energy from a light source to the cancerous lesion part having 
absorbed and accumulated in advance therein a photosensitive substance with an affinity for 
tumors. The light source comprises a first diode adapted to excite the photosensitive 

20 substance from the ground state to a singlet state of higher energy level and a second 
photodiode adapted to excite an energy level of the photosensitive substance which has 
transited from the singlet state to a triplet state to a still higher energy level. 

United States Patent No. 5,358,503, entitled, Photo-Thermal Therapeutic Device and 
Method, purportedly discloses an apparatus for simultaneous or selective treatment of an area 

25 of the skin and adjacent subcutaneous structure of a patient utilizing photo energy and 
therapeutic heat, which includes a plurality of juxtaposed diodes. Each diode has a 
longitudinal axis and is capable of projecting a non-coherent cone of light which overlaps the 
cone of light from each juxtaposed diode so that the light completely covers the treatment 
area. A pad or appliance holds the diodes in juxtaposed position with each other. 

30 United States Patent No. 5,61 1,793, entitled, Laser Treatment, purportedly discloses a 

method of disinfecting or sterilizing tissues of the oral cavity or a wound or lesion in the oral 
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cavity. The method includes applying a photosensitizing compound to the tissue and 
irradiating with laser light at a wavelength absorbed by the photosensitizing compound. 

All documents cited herein, including the foregoing, are incorporated herein by 
reference in their entireties for all purposes. 

5 

Summary of the Invention 
The invention relates to a PDT treatment device which is configured to deliver light 
energy to a treatment site from a plurality of light emitting members disposed in the device. 
The treatment device may be flexible or rigid and used for wound treatment and 

10 biostimulation. The treatment device with light emitting members operates at wavelengths 
ranging from about 450nm to about 850nm; a dosage rate ranging from about 0 to about 150 
mw/cm 2 ; and a light dose ranging from 0 to about 300 J/cm 2 . The treatment device may have 
surface monitor capabilities which include isotropic or anisotropic light detectors or 
photodetectors. The light detectors may be used in combination with a controller to 

15 automatically monitor light dosage, light power and dosage rate. 

In a preferred embodiment, a surface-conforming covering such as a light-diffusing 
pad and gel liner contain an integrated array of vertical cavity surface emitting lasers 
(VCSEL) as a light emitting source for topical PDT treatment. 

. In another embodiment, a shaped article is configured to direct energy and is used for 

20 PDT treatment. One embodiment of the shaped article includes a mouthpiece for covering 
and treating a patient's gumline. Another embodiment includes a shaped article for treatment 
of the roof of a mouih. 

In sum, the invention relates to a light emitting treatment device including a shell and 
liner having one or more surfaces. The liner is at least partially disposed in the shell. One or 

25 more light members are disposed in at least one of the liner or the shell. The shell, liner 
material and light members form an assembly. The light members are configured to emit 
energy from the assembly for photodynamic therapy of a body surface. The shell and liner 
may be made of a polymeric material. The shell or the liner may be made of a gel. The shell 
and the liner may be configured in a substantially integral structure. The treatment device 

30 may be substantially flexible or substantially rigid and conform to a body surface. The light 
members may be disposed in a substantially uniform array. The light members may be 
configured to emit energy in a substantially uniform pattern. The light members may be 
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configured in a light diffusing layer. The light emitting treatment device may further include 
a heat dissipating layer, a layer of gold or gold alloy, or a layer of adhesive disposed on at 
least one of the one or more surfaces of the shell or liner. 

The invention also relates to a light emitting treatment device including a shell made 
5 of a polymeric material and having one or more surfaces and a liner made of a polymeric 
material including a gel and having one or more surfaces. The liner is at least partially 
disposed in the shell. One or more light members are disposed in an array in at least one of 
the liner or the shell. The shell, liner material and the light members form an assembly. The 
light members are configured to emit energy from the assembly in a substantially uniform 

10 pattern for photodynamic therapy. A heat dissipating layer is associated with the assembly. 
A layer of gold material is associated with an outside surface of the assembly. 

The invention also relates to a light emitting device including a shaped member 
having one or more surfaces. The shaped member is configured to be juxtaposed one or more 
body surfaces in a mouth. One or more light members are disposed in the shaped member 

15 and are configured to emit energy to the one or more body surfaces for photodynamic 
therapy. The light emitting device may further include a remote light source operatively 
coupled to the shaped member via at least one of a fiber optic element, a plurality of 
internally embedded filaments, or one or more VCSELs, or combinations thereof. The 
shaped member may include a gel having light diffusing characteristics. The shaped member 

20 may be configured to treat a gum line for a disease. The one or more light members may be 
embedded in the shaped member. The shaped member may be made of a polymer. The 
shaped member may further include a control operatively coupled to the shaped member to 
provide a range of intensity or selective operation of the emitted energy. The control may be 
used to operate the emitted energy in selected pattern or for selective periods of time. 

25 The invention also relates to a method of forming a light emitting treatment device 

including: forming a shell having one or more surfaces; forming a liner having one or more 
surfaces; disposing one or more light members in the liner material; and disposing the liner at 
least partially in the shell. The shell, liner material and the light members form an assembly. 
The light members are configured to emit energy at a treatment site. 

30 The invention also relates to a product made from the method of forming a light 

emitting treatment patch including: forming a member having one or more surfaces; and 
disposing one or more light members in the member. The member and the one or more light 
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me mb=rs four, an assembly and t he Ugh, members are configured to emi. energy at a 
treatment site for photodynamic therapy. 

The invention also relates to a method of using a light emitting treatment dev.ee 
including: identifying an area of treatment on a body surfaee; applying a surface of a hgh, 
emitting treatment device to a body surface or tissue. The light emitting treatment device 
having a liner and one or more light members disposed in the liner. The line, and the hgh. 
ambers form an assembly. The ligh. members are configured to emi. energy a. a treatment 
she- activating a light transmitting source for a period of time such that the one or more hgh, 
members emi, energy a, ore area of ,rea,men, for photodynamic therapy. The method may 
further include injecting a drug through the ,rea,men, device too the body. 

The invention also rela.es to a produe, made from the process of formtng a hgh, 
emitting treatment device including: forming a mold; pouring a ma,erial too a recess defined 
by the mold The material configured in a substantially viscous liquid stare; disposing *n« or 
more filaments in .he mold prior ,0 adding the material or embedding the one or more 
filaments within the material after H has been poured too the recess defined by the mold, 
curing or drying ,he materia, such ,ha, the material and the one or more filaments form a 
ueatmen, device. The product made by fine process may farther include curing .he tnatena. a. 
an ambient temperature or at an elevated temperature. 

The invention also relates to a ligh. emitting treatment device including a member 
having a thickness and one or more surfaces. The member is configured .0 conform to one or 
ra „ re body surfaces. One or more light members are disposed in the member. The member 
and the one or more ligh, members form an assembly. The one or more ligh, members are 
configured to emi, energy from the assembly for photodynamic therapy of the one or more 
body surfaces. The member may include one or more light de.ec,ors configured to provtde 
surface moni.oring. The light emitting treatment device may provide light wavelengths 
ranging from about 450»m to about 850nm; a ligh. dosage rate ranging from abou, 0 mw/cm 
,„ abou. 150 mw/cnA and a light dose ranging from 0 W to about 300 W. 

The present invention may be used in conjunction with or in relation to invenftons 
disclosed in the following applications, filed on the same date concurren.ly herewith. 
30 U.S. Patent Applications: M. Biel, Inventor: 

Method of Enhancing Photodynamic Therapy by Administering an 
Immunologic Adjuvant, Serial No. ■ 
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Dye Treatment Solution and Photodynamic Therapy and Method of Using 

Same, Serial No. . 

Spatial Orientation Grid and Light Sources and Method of Using Same for 

Medical Diagnosis and Photodynamic Therapy, Serial No. . 

5 Rectangular Laser Irradiation Field Producing Apparatus for Medical 

Treatment, Serial No. . 

Methylene Blue and Toluidene Blue Mediated Fluorescence Diagnosis of 

Cancer, Serial No. ; . 

All documents within these applications are herein incorporated by reference in their 
1 0 entireties for all purposes. 

Still other objects and advantages of the present invention and methods of 
construction of the same will become readily apparent to those skilled in the art from the 
following detailed description, wherein only the preferred embodiments are shown and 
described, simply by way of illustration of the best mode contemplated of carrying out the 
15 invention. As will be realized, the invention is capable of other and different embodiments 
and methods of construction, and its several details are capable of modification in various 
obvious respects, all without departing from the invention. Accordingly, the drawing and 
description are to be regarded as illustrative in nature, and not as restrictive. 

Brief Descriptions of the Drawings 
Fig. 1 is a plan view of a light-emitting and light diffusing treatment device showing a 
plurality of radially diverging optical filaments; 

Fig. 2 is a plan view of a light-emitting and light diffusing treatment device showing a 
serpentine optical filament; 

Fig. 3 is a cross-section of a light-emitting and light diffusing treatment device 
constructed of a shell, liner, and embedded optical filament; 

Fig. 4 is a plan view of a plurality of VCSELs arrayed in a treatment device coupled 
to an independent power supply; and 

Fig. 5 is a side elevation view of the layers of the treatment device of Figure 4 with an 
intermediate layer of VCSELs disposed between a heat dissipating layer and a light-diffusing 
layer; 

Fig. 6 is a plan view of a treatment device having VCSELs; 
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Fig . 7 is a cross-sectiona, view of aa embodiment of ft. IW fining — 
deViCe; Fig . 8 is a cross-seciona, view of another embodtmen, of .he Ugh. emitting ,ea.men. 

" ViCe JT*. view of .he ,igh, emitfing treatment device disposed on a bodv surface 

along with an associated energy source; 

Fig . iHsashapeddeviceshapedinthefonnofamou.hpiecehavmgene.gyemm.ng 

"Fi,. , 2 is a side view of .he shaped device of Fignre . . disposed in a mou«h of a 
for PDT; 

Fig 1 3 is another embodiment of the shaped device; 

Fig' 14 is side view of the shaped device of Figure 13 taken along the line of 14-14; 
Fig 15 isafront elevation view of an array oflaser diode elements; 
Fig. 16 is a diagrammatic side elevation of the laser diode elements of the type 
d is P o S edinthearrayofFigurel5;and y Jens 

Fig. 17 is a diagrammatic side elevation of the array 
system, and primary optical fiber utilized for PDT. 

TWlf>H nescripti"" " f thp Invention 

* A^,-,r* in 20 30 such as a patch, pad 
In accordance with this invention, a treatment device 10, 20, 3 P 

^ horiv surface characteristics and to treat 
or shaped article is used to conform to one or more body surface 

p.urafitv of radi* diverging op,ica, fdaments and provides Ught-emming and iigh, d.fTus.ng 
niucs. The .reatmen. device ,0 is used .o .re, an area of sxin or exposed (or 

ZZ* — - " — — ■ of pDT inc,udi : 

:U W — for ,o„g periods. Pig. 2 ~ a„o.her embod.men. of a treaUnen, 

device 10 having a serpentine optical filament 12. 

Fig 3 i,,us„a,es a cross-seCion of a trea.men. device .0 con,ruc,ed of she, 6 
having a recessed area, a liner ,8 formed in the recessed ^ and an optica, lan-en 
e Jded .herein. The finer , 8 has an exposed snrface 20 on .he bottom or sxtn-facng ,de. 
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Together, the shell 16 and liner 18 define the shape and consistency of the treatment device 
1 0 and form an integral or unitary structure. 

A suitable material for the shell 16 and liner 18 is silicone into which one or more 
optical or light-transmitting filaments 12 may be imbedded. The silicone material generally 
5 diffuses the light transmitted from the filaments 12 uniformly over an area of the body being 
' treated. 

The shell 16 is preferably made of a cured liquid silicone rubber material such as 
dimethylsilicone which is sufficiently rigid to support and retain the liner material 18. The 
shell 16 is preferably made of a highly flexible, compressible, and deformable material 
1 0 having a durometer rating of approximately 20A (Shore units) or less; a tensile strength of 
about 450 psi minimum; elongation of about 650% minimum; and a tear strength of about 70 
ppi minimum. One suitable material is LSR-10 which is liquid silicone rubber available 
under Product Identification No. 40023 from Applied Silicone Corporation of Ventura, 
California. 

15 The liner 18 is preferably made of a generally high strength and firm silicone gel 

composition which is inherently tacky to silicone rubber or skin. The liner 18 has a peel 
strength of approximately 0.5 ppi (lb./in.) or less from a stainless steel surface; and is 
hydrophobic and may be cleaned in water and reused without a substantial reduction in its 
intrinsic tackiness. One suitable material is a silicone gel material that is available under 

20 Product Identification No. 40022 from Applied Silicone Corporation of Ventura, California. 
Both the shell 16 and liner 18 generally appear substantially indistinguishable to the ordinary 
view of the patient. The shell 16 and liner 18 are generally clear and provide a sufficient 
texture or internal turbidity for suitable light-diffusing characteristics. 

One or more optical filaments 12 may be incorporated in the treatment device 10. The 

25 filaments 12 may be formed integral with or operatively connected to an optical fiber 14 and 
coupled with a remote light source (not shown). The filaments 12 are disposed in a suitable 
array which uniformly and efficiently disperses the light energy throughout the operative area 
of the treatment device 10. The array pattern may include radiating spokes or a serpentine 
configurations as shown in Figures 1-2 or other variations and combinations thereof. 

30 In fabricating one embodiment of the treatment device 10, the shell 16 is first molded 

and the liner 18 is then poured, while in a highly viscous liquid or syrup-like state, into the 
recess defined by the shell 16. The filaments 12 may be disposed in the shell 16 prior to 
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adding me , iner m a,eria, ,«. or lhe fi|anKnts , 2 may be embedded , n maKriai 
after ,he ,i q „id mmerie, hes been poured i„,„ lhe reC e SS or during thc ^ tf 
cunng process. The finer ma ,er ia , ,8 is men a „owed >o cure or dry. The drying or curing 
process con occur a , arab i e „ t .emperanrres or may be assisled by fte rf ^ 

genera,, lively firfie surface bounds dis.ine.ion occurs be.ween ,he fi,ame„,s ,2 end 
finer 1 8. Once cured or dried, .he liner 1 8 bonds secure,, wi.h ,he she,! 1 6 end ,he fi laments 
1 2 to form a unitary or integral treatment device 1 0. 

Exposed surface 20 is generally highly , acky l0 ski „ ^ „ me opposing ^ ^ rf 
.he she,, ,6. If the e^sed surface 20 renins in eon.c, wirh .he opposing a „rf aC e of the 
she,, 22 for en ex.ended period of ,i m e, for example, if .he .reahnem device ,0 is wrapped 
c.rcumferenfially around a n area being ,rea.ed such as a finger or an, of .he pafien, and 
adhered ,o i,se,f, .he liner ,8 wi„ no, permanemly bond „i,h me shell ,6. Thus, ,he finer ,8 
w,„ releasably adhere ,o fine over, apP ed regions of ft, she,, ,6 and ,he exposed surfaee 20 is 
no. .eft behind on the she., ,6 when .he two surfaces 20, 22 are peeled apart The she., ,6 
advamageously ac.s as a cohesive carrier of the finer materia, end as en anachable b„, 
Usable anchoring subs,ra.e for .he liner 18. Due .o the generally low shear or pee, fome 
properfiesof.be fine, , 8 when in comae, wUh .he "reverse" side of .be she,. 
dev,ee ,0 advan,ageo„s,y exhibirs a self-limifing wrapping charec.eris.ie. The ,rea,me„, 
dev,ee ,0 eanno. be wrapped ,o„ .ighfiy or i. wil, „ a , ura „ y unpee, or unwrap itS e, f , , h e r e b y 
prevenfing inadverten, co„s,ric.io„ of blood c,rcu, a .io„. Tne ,rea,men, device ,0 
advamageously remains in p , ace when properly sized for en area of ne atm en, end eorrec. 
.en,o„ is used on . pafien,. The ,rea,me„, device ,0 a dv a n, a geously confers end if 
necessao:, s,re.ehes sligbfiy ,„ comae, and eover a desired area for PDT. The ,rea,men, 
dev,ee , 0 se,f-adheres ,„ ,be eree c„„,ae,ed by finer , 8, end unifomfiy dis,ribu,es figh. energy 
™.h,„ ,be eree being ,ree,ed. The fieebnen, device ,0 is generafiy eesily removed from me 
sk,n or .issue of ,he pafien, wi.bou, discomfort or adverse affects on fine .issue A 
hypodennic syringe ma y be use« .„ injec, . .herapeufic egen, or marker Urrough me <rea.men, 
dev.ee 10 wfihou, removal or lifting during .reaunem. AI.emafively, . ponion of the 
.rea«,e„. device 10 may be peeled awey l0 expose ,he skin or .issue; ,„ app ,y olhc r .opical 
med.cafions; or ,o clean .he .issue wfihou, removal of .he remainder of .he .reannen. device 
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Fig. 4 illustrates a plurality of array tiles 22 made of VCSELs arrayed in a treatment 
device 20 which, is coupled to an independent power supply 19. A plurality of array tiles 22 
made of VCSELs or light emitting diodes (LEDs) are disposed in an array or pattern and 
adhered to or mounted within a substrate 13 to form a treatment device 20. The treatment 
5 device 20 is operatively coupled to an adjustable, self-contained power source 19 such as 
battery using a conventional wire 17 or cable. The array tiles 22 and VCSELs or LEDs may 
be wired in series, parallel, or combinations of series and parallel using suitable patterns 
among adjacent rows or via a peripheral scheme. 

The treatment devices 10, 20, 30, 40 may have one or more surface monitor members 
10 21 such as isotropic or anisotropic light detectors or photodetectors. The surface monitor 
members 21 may be used in combination with a controller to automatically monitor and 
control characteristics such as light wavelength (nm), light dosage (joules/cm 2 ), and light 

dosage rate (mw/cm 2 ). 

Fig. 5 illustrates a cross-sectional view of an embodiment of a treatment device 20 

15 with an intermediate layer of array tiles 22 made of VCSELs disposed between a heat 
dissipating layer 29 and a light-diffusing layer 28. The light-diffusing layer 28 is preferably 
made of a silicone rubber material, and the heat-dissipating layer 29 is preferably made of a 
material configured to absorb or disperse heat generated by the array tiles 22 made of 
VSCELs 22. The VCSELs may be disposed in close proximity to one another, or spaced 

20 apart to facilitate flexing of the substrate 13. An embodiment of the substrate 13 preferably 
has dimensions of about 3.0 cm by 1.2 cm and includes 0.3 cm x .3 cm array tiles 22 made of 
VCSELs. 

The array tile 22 made of VCSELs may be any size, shape, or wavelength suitable for 
a variety of treatment applications. The number of VCSELs per array 22 may be selectively 

25 determined and will vary depending upon factors including the required light output (in 
mw/cm 2 ). The VCSELs are separated or spaced-apart from the tissue surface by a 
predetermined distance that is dependent upon factors including the incident light energy 
necessary for treatment, beam divergence, and the thickness or opacity of the light-diffusing 
layer 28. The separation may be approximately 1-2 mm. The array may be sufficiently 

30 flexible or malleable to conform to a variety of body shapes or parts such as the tongue, 
palate, or cheek, as well as normally exposed skin areas having complex or irregular 
curvatures or tight curves, such as a patient's arm or leg, finger or toe, heel, wrist, elbow. 
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Fig. 6 illustrates a treatment device 30 having a plurality of array tiles 22 made of 
VCSELs. 

Fig. 7 illustrates an embodiment of the treatment device 10 with a layer 32 of material 
such as gold is disposed on one or more surfaces to contain the PDT to a certain area. The 
layer may be added at the time of treatment depending on the treatment area desired. 

Fig. 8 illustrates an embodiment of the treatment device 20, 30 of Figures 4 and 6. An 
embodiment of a substrate 13 is illustrated that is made of a shell 16 without a recess and a 
liner 18 formed over the array tiles 22 made of VCSELs and the shell 16. Alternatively, the 
treatment devices 10, 20, 30 may be made of a substrate 13 formed of one or more materials 
in a mold. A layer 32 of material such as gold is shown disposed on one surface to contain 
the PDT to a certain area. 

Fig. 9 illustrates another embodiment of the light emitting treatment device 20, 30. 

Fig. 10 illustrates a treatment device 10, 20, 30 disposed on a body surface along with 
an associated energy source and controller 60. 

Fig. 11 is a shaped device 40 that is shaped in the form of a mouthpiece 42 and 
includes energy emitting members 44. One embodiment of the shaped device 40 is in the 
form a mouthpiece which may be applied over the teeth and gums of a patient for the 
treatment of cancer. The shaped device 40 may be formed of silicone rubber or a similar 
light-diffusing material that will conform to a surface area to be treated using PDT. The 
shaped device 40 is operatively coupled to a remote light source using a fiber optic element or 
a plurality of internally embedded filaments. Alternatively, the shaped device may itself 
contain one or more VCSELs disposed in a array tile or pattern and is operatively coupled to 
a remote power supply. Fig. 12 illustrates the shaped device 40 disposed in a mouth of a 
patient. 

Fig. 13 illustrates another embodiment of the shaped device 50 that is in the form a 
mouthpiece 52. The mouthpiece 52 includes energy emitting members 54 that are used for 
PDT of the roof of the mouth. Fig. 14 illustrates the mouthpiece 50 of Figure 13 taken along 
the line of 14-14. 

Fig. 15 illustrates an array of laser diode elements that are used for a light emission 
and transmission system for PDT. A monolithic 20x20 array 120 made of a plurality of laser 
diode elements 100 has front and rear surfaces 140, 160 that are operatively coupled to a 
thermal sink 1 80 for carrying excess heat 200 from the rear surface 1 60 of the array 1 20. 
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Fig. 16 illustrates a laser diode element of the type disposed in the array 120 of Figure 
15. Each laser diode element 100 preferably includes a mirror surface 220, a gain medium 
240, and an output coupler 260. Energy in the form of a suitable electrically current 300 is 
input to the gain medium 240 and converted to laser light 320 and emitted from the output 
5 coupler 260 substantially normal to the front surface 140. Each laser diode element 100 is 
nominally cylindrical in shape; approximately 10 microns in diameter 280; and spaced a 
distance of approximately 100 microns in uniform relationship to adjacent laser diode 
elements 10. The laser light from each laser diode element 100 has a beam divergence half 
angle 340 of approximately 3°, and an output power in the range of approximately 0.1 to 5 

10 milliwatts. The aggregate wavefront 360 of the laser diode elements 100 is incoherent with 
respect to phase, but is substantially plane parallel in the direction of propagation of the 
optical axis 400, thus impinging upon the lens system 420 as a conjugate in a manner 
substantially consistent with a beam emanating from a source at an infinite distance. 

Lens system 420 shares the same optical axis 400 as the array 120 and is separated 

15 from the array 12 by a distance 440 and separated from the focal point 520 by a distance 500. 
The lens system 420 has front and rear refractive surfaces 460, 480, respectively, defined by 
the refractive medium 470. The curvatures of the refractive surfaces 460, 480 and the focal 
distance 500 are optimally selected to condense or converge the aggregate wavefront 360 to a 
minimal focal area 520 at the "launch face" of the primary optical fiber 600, and optimally 

20 selected to meet the numerical aperture requirements of that primary optical fiber 600. For 
the embodiment described, the focused beam area will underfill an optical fiber of 
approximately 400 micron core size 640. 

The primary optical fiber 600 transmits the focused light energy to a light delivery 
mechanism (not shown), which consists at least of a disposable optical fiber operatively 

25 connected to a beam-directing instrument suitable for the specific treatment modality of 
application. Fig. 17 illustrates an array of laser diode elements, lens system, and primary 
optical fiber utilized to emit and transmit laser light energy for PDT. 

The light delivery mechanism is provided to the medical professional in a sterile form, 
and is removed from its packaging in preparation of a PDT session, and coupled prior to 

30 treatment to the primary optical fiber 600 proximate to its enclosure or housing (not shown) 
using a suitable focusing or butt coupling. 
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The above described embodiments of the invention are merely descriptive of its 
principles and are not to be considered limiting. Further modifications of the invention herein 
disclosed will occur to those skilled in the respective arts and all such modifications are 
deemed to be within the scope of the invention as defined by the following claims. 
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Claims 

1 . A light emitting treatment device comprising: 
a shell having one or more surfaces; 

a liner having one or more surfaces, the liner at least partially disposed in the 

5 shell; and 

one or more light members disposed in at least one of the liner or the shell 
wherein the shell, the liner material and the one or more light members form 

an assembly and the one or more light members are configured to emit energy from the 

assembly for photodynamic therapy of a body surface. 

10 2, The light emitting treatment device of claim 1 wherein the shell and liner are 

made of a polymeric material. 

3. The light emitting treatment device of claim 1 wherein the treatment device is 
at least one of substantially flexible and conformable to a body surface or substantially rigid 
and conformable to a body surface. 

15 4. The light emitting treatment device of claim 1 wherein the light members are 

disposed in a substantially uniform array. 

5. The light emitting treatment device of claim 1 wherein the one or more light 
members are configured to emit energy in a substantially uniform pattern. 

6. The light emitting treatment device of claim 1 wherein at least one of the shell 
20 or the liner is made of a gel. 

7. The light emitting treatment device of claim 1 wherein the shell and the liner 
are configured in a substantially integral structure. 

8. The light emitting treatment device of claim 1 further comprising a heat 
dissipating layer disposed on at least one of the one or more surfaces. 

25 9. The light emitting treatment device of claim 1 further comprising a layer of 

gold or gold alloy disposed on the one or more surfaces. 
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10. The light emitting treatment device of claim 1 wherein the one or more light 
members are configured in a light diffusing layer. 



1 1 . The light emitting treatment device of claim 1 further comprising an adhesive 
disposed on at least one outside surface of the treatment device. 

5 1 2. A light emitting treatment device comprising: 

a shell having one or more surfaces and made of a polymer; 
a liner including a gel, the liner having one or more surfaces and made of a 
polymer, the liner at least partially disposed in the shell; and 

one or more light members disposed in an array in at least one of the liner or 
10 the shell wherein the shell, the liner material and the one or more light members form an 
assembly and the one or more light members are configured to emit energy from the 
assembly in a substantially uniform pattern for photodynamic therapy; 

a heat dissipating layer associated with the assembly; and 

a layer of gold material associated with an outside surface of the assembly. 

15 13. A light emitting device comprising: 

a shaped member having one or more surfaces, the shaped member configured 
to be juxtaposed one or more body surfaces in a mouth; and 

one or more light members disposed in the shaped member, the one or more 
light members configured to emit energy to the one or more body surfaces for photodynamic 
20 therapy. 

14. The light emitting device of claim 13 further comprising a remote light source 
operatively coupled to the shaped member via at least one of a fiber optic element, a plurality 
of internally embedded filaments, and one or more VCSELs. 

15. The light emitting device of claim 13 wherein the shaped member includes a 
25 gel having light diffusing characteristics. 

16. The light emitting device of claim 13 wherein the shaped member is 
configured to treat a gum line for a disease. 
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17. The light emitting device of claim 13 wherein the one or more light members 
are embedded in the shaped member. 

18. The light emitting device of claim 13 wherein the shaped member is made of a 
polymer. 

5 19. The light emitting device of claim 13 wherein the shaped member further 

comprises a control operatively coupled to the shaped member to provide at least one of a 
range of intensity or selective operation of the emitted energy. 

20. A method of forming a light emitting treatment device comprising the steps of: 

forming a shell having one or more surfaces; 

1 0 forming a liner having one or more surfaces; 

disposing one or more light members in the liner material; and 

disposing the liner at least partially in the shell wherein the shell, the liner 
material and the one or more light members form an assembly and the one or more light 
members are configured to emit energy at a treatment site. 

15 21. A product made from the method of forming a light emitting treatment patch 

comprising the steps of: ... 

forming a member having one or more surfaces; and 

disposing one or more light members in the member 

wherein the member and the one or more light members form an assembly and 
20 the one or more light members are configured to emit energy at a treatment site for 
photodynamic therapy. 

22. A method of using a light emitting treatment device comprising the steps of: 
identifying an area of treatment on a body surface; 

applying a surface of a light emitting treatment device having a liner and one 
25 or more light members disposed in the liner on the area of treatment, the liner and the one or 
more light members forming an assembly, the one or more light members configured to emit 
energy at the area of treatment; 
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activating a light transmitting source for a period of time such that the one or 
more light members emit energy at the area of treatment for photodynamic therapy. 

23. The method of using a light emitting treatment device of claim 22 further 
comprising injecting a drug through the treatment device into the body. 

24. A product made from the process of forming a light emitting treatment device 
comprising the steps of: 

forming a mold; 

pouring a material into a recess defined by the mold, the material configured in 
substantially viscous liquid state; 

disposing one or more filaments in the mold prior to adding the material or 
embedding the one or more filaments within the material after it has been poured into the 
recess defined by the mold, 

curing or drying the material such that the material and the one or more filaments 
form a treatment device. 

25. The product made from the process of forming a light emitting treatment 
device of claim 24 further comprising the step of: 

curing the material at an ambient temperature or at an elevated temperature. 

26. A light emitting treatment device comprising: 

a member having a thickness and one or more surfaces, the member 
configured to conform to one or more body surfaces; and 

one or more light members disposed in the member; 

wherein the member and the one or more light members form an assembly and 
the one or more light members are configured to emit energy from the assembly for 
photodynamic therapy of the one or more body surfaces. 

27. The light emitting treatment device of claim 26 wherein the member includes 
one or more light detectors configured to provide surface monitoring. 
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28. The light emitting treatment device of claim 27 wherein the surface 
monitoring includes at least one of light wavelength (nm), light dosage (joules/cm 2 ), or light 
dosage rate (mw/cm 2 ). 

29. The light emitting treatment device of claim 26 wherein the light emitting 
treatment device provides light wavelengths ranging from about 450nm to about 850nm; a 
light dosage rate ranging from about 0 mw/cm 2 to about 150 mw/cm 2 ; and a light dose 
ranging from 0 J/cm 2 to about 300 J/crn 2 . 
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